T lymphocytes bearing they/b T cell receptor (TCR-y/6) express a limited number of germline variable gene segments, generating receptor sequence diversity primarily through junctional mechanisms. To examine the role of V(D)Jjunctional sequences in antigen recognition by TCR y /6, we derived an alloreactive murine TCR y/6+ T cell line, LKDI, specific for the I-Ad class II major histocompatibility complex (MHC) molecule, and compared its receptor with that expressed by a previously characterized class II MHC alloreactive T cell line, LBK5, specific for I-Ek,b,s Ia molecules . Both LKD1 and LBK5 express receptors encoded by rearranged Vy1 .2Jy2 and V65D62J61 gene elements, differing in sequence only in the V(D)J junctional regions of the y and 6 genes . These results demonstrate that junctionally encoded sequences corresponding to the putative third complementarity determining region can influence the antigen specificity of TCR-y/&
T lymphocytes bearing they/b T cell receptor (TCR-y/6) express a limited number of germline variable gene segments, generating receptor sequence diversity primarily through junctional mechanisms. To examine the role of V(D)Jjunctional sequences in antigen recognition by TCR y /6, we derived an alloreactive murine TCR y/6+ T cell line, LKDI, specific for the I-Ad class II major histocompatibility complex (MHC) molecule, and compared its receptor with that expressed by a previously characterized class II MHC alloreactive T cell line, LBK5, specific for I-Ek,b,s Ia molecules . Both LKD1 and LBK5 express receptors encoded by rearranged Vy1 .2Jy2 and V65D62J61 gene elements, differing in sequence only in the V(D)J junctional regions of the y and 6 genes . These results demonstrate that junctionally encoded sequences corresponding to the putative third complementarity determining region can influence the antigen specificity of TCR-y/& T here is currently only limited information as to the structural basis ofantigen recognition by the TCRy/& Analyses of expressed TCR y and 6 genes have shown that although there is quite limited expression of distinct germline variable (V) and joining (J) elements, there is extensive junctional sequence diversity generated by inexact V(D)Jjoining and the addition of N region nucleotides (1) (2) (3) (4) (5) . This is especially true for CC-6, wherein many genes are encoded by VbD61Db2J6 rearrangements, allowing for the unprecedented generation of diversity at three recombination sites rather than two (2) . Thus, junctional diversity accounts for most of the sequence diversity generated in the TCR-y/6 repertoire. One implication of this observation is that V(D)Jjunctionally encoded sequences should be important for antigen recognition by TCR-y/& This region .of the receptor, corresponding to the CDR3 of immunoglobulins, has a critical role in antigen recognition by TCR-cx/O (6) .
In this report, we show that two alloreactive TCR-y/6+ T cell lines specific for distinct class II MHC molecules express receptors encoded by the same VJy and VDJ6 elements, differing in sequence only in the V(DVjunctions. These results directly demonstrate that sequences corresponding to the CDR3 can influence TCR-y/b specificity and presumably are important for antigen binding. rearranged V-y1 .2 and V65 genes of the LKD1 cell line were derived from high molecular weight cellular DNA by the PCR using Vyl.2 and complementary Jy2, and VS5 and complementary J61 primers, respectively. The PCR products were cloned into the pGEM vector and sequenced by the dideoxy chain termination method .
Results and Discussion
An alloreactive T cell line was propagated from lymph node T cells of immunized B10.BR (H-2k) mice by in vitro stimulation of CD4 -CD8 -T cells with B10.D2 (H-2d) splenic APC . A long-term line (LKD1) was derived and determined by flow microfluorometry to consist exclusively of TCR y/6-expressing T cells (data not shown) . The MHC-linked specificity of the LKD1 line was shown by demonstrating potent lysis of allogeneic B10.D2 targets relative to B10 (H-2b) or syngeneic B10.BR target cells (Fig. 1 A) . Lysis of D2 .GD (Kdl-AdI-E-Db) but not B10.A (Kkl-Akl-EkDd) targets further mapped the specificity to Kd or I-Ad ( Fig. 1  B) , and I-Ad specificity was confirmed by virtue of the fact that Ia-expressing M12 (H-2d) B cell lymphoma cells were killed but not Ia-mutant M12 cells ( Fig. 1 C) . Inhibition of cytolysis by the I-Ad-specific mAb MK .D6 (Fig. 1 C) but not by the I-Ab-specific mAb Y-3P (data not shown) further confirmed the I-Ad specificity of this line .
The nature of the TCR expressed by the LKD1 cell line was examined and compared with that expressed by a previously characterized class II MHC-alloreactive y/6 T cell line, LBK5, specific for I-Ek .b, S_encoded Ia molecules (9) . Both lines expressed identically appearing CD3-associated heterodimers consisting of 31-and 45-kD proteins (Fig. 2 A) . the LBK5 TCR is a Vy1.2Jy2/Vb5D62J61-encoded heterodimer (9) . A Vy1-specific antiserum also precipitated the 31-kD protein expressed by LKD1 (Fig. 2 A) , and Southern analysis showed that both LBK5 and LKD1 displayed a characteristic 16-kD Vy1.2Jy2 hybridizing EcoRI-rearranged band (Fig.  2 B) (7) . Both lines also demonstrated identical rearrangements after hybridization of a V65 probe to Ecokl-digested DNA (Fig. 2 B) . The 9.6-kb V65-hybridizing band represents the productive V65D62J61 rearrangement (2, 9) . Hybridization to J6 probes revealed that there is only a single rearrangement of the TCR-6 locus in LKD1, confirming that this line expresses a V85-encoded receptor protein (data not shown) . Finally, analysis with additional TCR probes indicated that LKD1 was clonal (data not shown) .
The functionally expressed Vy1 .2 Jy2 and V65D62J61 genes of LKD1 were cloned and their sequences examined in comparison with the corresponding LBK5 y and 6 receptor genes (Fig. 3) . Because Southern analysis of LKD1 revealed both germline as well as rearranged Vyl .2-and V65-hybridizing bands (Fig. 2 B) , the sequences generated by PCR necessarily represented the productive rearrangements . Extensive diversity created by inexact joining and N region nucleotide addition is present in the receptor genes of both clones . N region nucleotides encode distinct amino acids at the Vy1.2 Jy2 junctions of LKD1 and LBK5, and the LKD1 protein is smaller by a single amino acid as a result of the truncation of three Jy2-encoded nucleotides during the V-J recombination (Fig.  3 A) . The V65D62J61 junctions of LKD1 and LBK5 are quite disparate (Fig. 3 B) . As in the case of TCR-y, the LKD1 6 gene encodes one less amino acid than its LBK5 counterpart, and there is little homology among the otherjunctionally encoded residues (Fig. 3 B) . Both genes have N region additions at the VD6 and DJ6 junctions, and the D62 elements are encoded in distinct reading frames . Thus, these data are illustrative of the capacity of TCR-y/6 for generating extensive junctional diversity .
Some analyses of TCRy/6 usage have suggested that the variable elements themselves mediate ligand recognition by TCR-y/& For example, 28 of 28 murine y/6 hybridomas specific for mycobacterial HSP-65 were found to express Vy1 .1Jy4, despite significant junctional diversity shown by sequencing (10) , and of these, 25 also expressed V66 familyencoded proteins. Also, the selective pairing of individual TCR Vy and V6 segments, as well as the preferential expression 
of particular VyVb heterodimers in distinct anatomic sites (1, 11, 12) , have been taken as possible evidence for direct antigen selection of TCR-'y/S variable gene elements . Because both class II MHC alloreactive y /6 T cell lines we have described express Vy1 .2/VS5 heterodimers, it would be of interest to determine whether other la-specific murine TCR-'y/6+ T cells also express the same pair of variable segments . On the other hand, striking evidence for selection of y/b junctional sequences has also been observed, such as the invariant Vy3J-yl and V61J62 rearrangements of murine DEC cells (11) , the Vy4Jy1 receptors in other epithelia (12) , and the invariant V65D62J61 rearrangement (BID) of pulmonary 505 Rellahan et al. Brief Definitive Report DNA blot analysis of the Vyl and V65 rearrangements in LKD1 and LBK5 . Probes were hybridized as described (7) to EcoRl-digested DNA. The sizes of the hybridizing bands (kb) are shown. The 8.4-kb V55 hybridizingband also hybridized to an upstream D62 probe and represents thereciprocal restriction fragment created by the Vb5D62 inversional joining event, containing the 3' V65 and 5'D52 signal recombination sequences. -y/6+ T lymphocytes in BALB/c mice (13) . There is direct evidence for selection of this V65 BID junctional rearrangement in that it is not detected in B6 mice but is readily expressed in (BALB/c x B6)F1 mice . Also, Born et al . (14) have suggested that junctional sequences may influence the fine specificity of recognition of HSP-65-derived peptides by TCR-y/6+ hybridomas. The data in this report demonstrate that junctionally encoded sequences can influence antigen recognition by TCRy/6+ . Further studies will use site-directed mutational analysis to examine which residues within the TCR y and 6 V(DV junctions are critical for determining receptor specificity.
